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FORMATION METHOD FOR METAL ELEMENT, 
PRODUCTION METHOD FOR SEMICONDUCTOR 

DEVICE, PRODUCTION METHOD FOR 
ELECTRONIC DEVICE, SEMICONDUCTOR 

DEVICE, ELECTRONIC DEVICE, AND 
ELECTRONIC EQUIPMENT 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a formation 
method for a metal element, a production method for a 
semiconductor device, a production method for an electronic 
device, a semiconductor device and an electronic device, as 
Well as an electronic equipment. 

[0003] Priority is claimed to Japanese Patent Application 
No. 2003-7047, ?led Jan. 15, 2003, Which is incorporated 
herein by reference. 

[0004] 2. Description of Related Art 

[0005] Conventionally, the metal elements used Within 
semiconductor devices and electronic devices have fre 
quently used metals such as Al (aluminum). HoWever, as the 
demands increase for ever smaller and faster semiconductor 
devices, and higher performance electronic devices, it is 
becoming increasingly dif?cult to ensure an adequate level 
of performance With aluminum Wiring or the like. Copper 
Wiring techniques, Which offer superior electromigration 
resistance to aluminum and also provide loW resistance, are 
attracting considerable attention as one potential solution to 
this problem, and are being Widely investigated for potential 
applications. 
[0006] In the formation of a metal element from copper, 
the properties of copper mean that etching methods are not 
particularly suitable, and consequently, a process knoWn as 
damascene is used, in Which copper metal is used to ?ll 
preformed grooves. In such a damascene process, predeter 
mined grooves are formed in advance in the treatment 
surface of an interlayer insulating ?lm formed from silicon 
oXide or the like, copper metal is subsequently used to ?ll 
those grooves, and then any eXcess copper metal is removed 
by CMP (Chemical Mechanical Polishing). 

[0007] An eXample of a knoWn method that can be used 
for forming a ?lm of copper metal Within these grooves is a 
method in Which a seed layer is ?rst formed, and then a 
plating layer is formed from this seed layer, as is shoWn, for 
eXample, in Japanese Patent Application Laid-Open (JP-A) 
No. Heisei 11-238703. The seed layer is formed using a 
sputtering method or the like, and is formed across the entire 
surface of the interlayer insulating ?lm, including the 
grooves. Furthermore, the plating layer is formed by depos 
iting metal atoms Within a plating liquid onto the seed layer. 

[0008] HoWever, in the technique disclosed above, during 
the formation of the seed layer, the sputtering method forms 
the seed layer across the entire surface of the interlayer 
insulating ?lm, and it is not possible to form the seed layer 
only Within certain desired positions. 

[0009] Furthermore, because the seed layer is formed 
across the entire treatment surface, the plating layer also gets 
formed across the entire surface, meaning the eXcess copper 
metal must then be removed by a CMP method, Which is 
essentially a Wasted method. 
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[0010] In addition, in order to remove all of the eXcess 
copper metal during the CMP method, at least the surface of 
the interlayer insulating ?lm must also be polished, and 
consequently, a comparatively hard material such as SiO2 or 
the like must be used for the interlayer insulating ?lm. This 
results in an undesirable restriction in the number of mate 
rials that can be selected for use as the interlayer insulating 
?lm. 

[0011] Furthermore, When a damascene process is used to 
form multilayer interlayer insulating ?lms, that is, during 
formation of a so-called dual damascene structure, an etch 
ing stop layer must be formed betWeen respective interlayer 
insulating ?lms, Which results in an undesirable increase in 
the number of steps in the method. 

[0012] The present invention takes the above circum 
stances into consideration, With an object of providing a 
metal element formation method for forming a metal ele 
ment from a selected material such as copper metal, Which 
does not require the use of CMP, as Well as providing a 
production method for a semiconductor device, a production 
method for an electronic device, a semiconductor device and 
an electronic device, and an electronic equipment. 

SUMMARY OF THE INVENTION 

[0013] In order to achieve the above object, the present 
invention provides the different aspects described beloW. 

[0014] The ?rst aspect of the present invention is a metal 
element formation method has a seed layer formation step 
for forming a seed layer on a treatment surface of a substrate, 
and a plating formation step for forming a plating layer on 
the seed layer, Wherein in the seed layer formation step, a 
liquid repellent section for repelling a liquid material is 
formed on the treatment surface, and a liquid phase method 
is used to form the seed layer in a region outside the liquid 
repellent section. 

[0015] In this description, the term “metal element” refers 
to any element formed from a metal, and includes Wiring 
that displays continuity, the electrodes of capacitative ele 
ments such as capacitors, induction elements such as coils, 
and gate electrodes for semiconductor devices. There are no 
particular restrictions on the form of the metal element, 
provided formation is possible by a plating method. 

[0016] Furthermore, the term “substrate” refers to sub 
strates formed from prescribed materials such as glass 
substrates or silicon Wafers, as Well as circuit boards on 
Which Wiring layers or interlayer insulating ?lms have 
already been formed. 

[0017] The term “seed layer” refers to a backing ?lm 
required for forming the plating layer during the plating 
method, and is a ?lm to Which a predetermined voltage is 
applied When the seed layer and the plating liquid are in a 
state of contact. 

[0018] Furthermore, the term “plating layer” refers to the 
thickened layer that is produced by using the aforemen 
tioned plating method to deposit metal atoms onto the seed 
layer. 
[0019] The “region outside the liquid repellent section” 
refers to the region that displays a relatively higher liquid 
af?nity than the liquid repellent section, and this region is 
formed in the shape of a desired pattern. 
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[0020] The term “liquid phase method” refers to a method 
used for bringing the substrate and a liquid material into a 
state of contact, and includes methods such as spin coating, 
slit coating, dip coating, spray coating, printing techniques, 
and liquid discharge methods. The liquid material used in 
this liquid phase method comprises the material of the seed 
layer and a solvent. 

[0021] According to this aspect of the present invention, a 
region With a desired pattern is formed outside of the 
aforementioned liquid repellent section, a liquid phase 
method is used to position a liquid material Within this 
region in a state of contact, the solvent of the liquid material 
is evaporated to form a seed layer, and a plating method is 
then used to form a plating layer. In other Words, a plating 
layer can be formed that corresponds With the region outside 
the liquid repellent section. 

[0022] Furthermore, in those cases Where slit coating is 
used as the liquid phase method, because such slit coating 
utiliZes capillary action, liquid material usage ef?ciencies of 
95% or greater can be achieved With relative ease, meaning 
production costs are able to be reduced. 

[0023] In those cases Where a liquid discharge method is 
used as the liquid phase method, not only can the usage 
ef?ciency of the liquid material be improved, but the liquid 
material can be positioned on the substrate in any desired 
pattern. 

[0024] The second aspect of the present invention is a 
metal element formation method has a seed layer formation 
step for forming a seed layer on a treatment surface of a 
substrate, and a plating formation step for forming a plating 
layer on the seed layer, Wherein the treatment surface 
comprises concave sections, and in the seed layer formation 
step, a liquid phase method is used to form the seed layer 
inside the concave sections. 

[0025] The term “concave section” refers to a speci?c 
region formed on the treatment surface of the substrate. 
There are no particular restrictions on the method used to 
form the concave section, and concave sections formed by 
carving out a portion of the substrate are acceptable, as are 
concave sections formed by providing a convex section of a 
preferred material on top of the substrate, and then forming 
a relative concave section Within this convex section. 

[0026] According to this aspect of the present invention, 
by using a liquid phase method to position a liquid material 
in a state of contact With the treatment surface, the liquid 
material can ?oW into the concave sections, dissolving the 
gas present Within the concave sections, so that the concave 
sections are ?lled With the liquid material, and gas Within the 
concave sections is expelled externally. In addition, the 
solvent of the liquid material in the concave sections is then 
evaporated to form a seed layer, and a plating method is then 
used to form a plating layer. In other Words, a plating layer 
can be formed that ?lls the concave sections. Furthermore, 
because the plating layer is formed along the inner surfaces 
of the concave sections, the direction of the groWth of the 
plating layer can be regulated. 

[0027] Furthermore, yet another aspect of the metal ele 
ment formation method of the present invention is the metal 
element formation method described above, Wherein in the 
seed layer formation step, the seed layer is formed in 
concave sections formed in an interlayer insulating ?lm. 
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[0028] There are no particular restrictions on the method 
used for forming the concave sections in the interlayer 
insulating ?lm, and concave sections formed by carving out 
a portion of the interlayer insulating ?lm are acceptable, as 
are concave sections formed by providing a convex section 
of the interlayer insulating ?lm on top of the substrate, and 
then forming a relative concave section Within this convex 
section. 

[0029] According to this aspect of the present invention, 
not only are the same effects as those described for the above 
metal element formation method achieved, but a plating 
layer that is enclosed Within an interlayer insulating ?lm can 
also be formed. 

[0030] Furthermore, because the plating layer is exposed 
at the surface of the interlayer insulating ?lm, the CMP 
process can be omitted, enabling a simpli?cation of the 
overall process, and a reduction in production costs. 

[0031] Furthermore, yet another aspect of the metal ele 
ment formation method of the present invention is the metal 
element formation method described above, Wherein in the 
seed layer formation step, the seed layer is formed in 
concave sections formed in a resist layer. 

[0032] There are no particular restrictions on the method 
used for forming the concave sections in the resist layer, and 
concave sections formed by developing the resist are accept 
able, as are concave sections formed by providing a convex 
section formed from the resist on top of the substrate, and 
then forming a relative concave section Within this convex 
section. In the folloWing description, the step for forming the 
concave sections in the resist layer is referred to as the resist 
layer formation step. 

[0033] According to this aspect of the present invention, 
the same effects as those described for the above metal 
element formation method can be achieved. 

[0034] Furthermore, in those cases Where the resist layer 
is ?rst formed uniformly across the substrate, and is subse 
quently patterned by exposure, the seed layer and the plating 
layer can also be formed With the same pattern as the 
exposure mask. 

[0035] Furthermore, in those cases Where a liquid dis 
charge method is used to discharge a resist into a speci?ed 
pattern on top of a substrate, thereby forming a convex 
shaped resist layer, the seed layer and the plating layer can 
be formed in relative concave sections formed Within the 
convex pattern. In such cases, an exposure mask becomes 
unnecessary, and seed layers and plating layers can be 
formed in a multitude of patterns. 

[0036] Furthermore, folloWing the formation of the plating 
layer, the resist layer can be removed, and by repeating the 
resist layer formation step, the seed layer formation step and 
the plating layer formation step to form multiple layers of 
metal elements, and then removing the resist layers as a ?nal 
step, the plating layers can be left, forming a so-called open 
Wiring structure. 

[0037] Furthermore, yet another aspect of the metal ele 
ment formation method of the present invention is the metal 
element formation method described above, Wherein in the 
seed layer formation step, the surface of the treatment 
surface, including the inner surfaces of the concave sections, 
has liquid repellent properties. 
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[0038] According to this aspect of the present invention, 
the ?lling of the inside of the concave sections can be 
promoted, and the liquid material adhered to areas of the 
treatment surface outside the concave sections ?oWs into the 
concave sections, enabling the liquid material to be con?ned 
Within the concave sections. 

[0039] Furthermore, yet another aspect of the metal ele 
ment formation method of the present invention is the metal 
element formation method described above, Wherein in the 
seed layer formation step and the plating layer formation 
step, the seed layer and the plating layer are formed using the 
same material. 

[0040] The term “the same material” means that the com 
ponent materials that make up the seed layer and the plating 
layer are the same. Speci?cally, the material contained 
Within the liquid material used in the seed layer formation 
step, and the material contained Within the plating liquid 
used in the plating layer formation step are the same. 

[0041] According to this aspect of the present invention, 
because a metal element of a single material is formed on the 
substrate, a desired material can be selected. For eXample, in 
a case in Which electric conductivity is required through the 
substrate and the metal element, a loW resistance metal can 
be selected as the single material, Which is then used to form 
the seed layer and the plating layer, thereby enabling the 
formation of a loW resistance metal element. 

[0042] Furthermore, yet another aspect of the metal ele 
ment formation method of the present invention is the metal 
element formation method described above, Wherein in the 
seed layer formation step and the plating layer formation 
step, the seed layer and the plating layer are formed using 
different materials. 

[0043] According to this aspect of the present invention, 
because the metal element formed on the substrate is formed 
from a seed layer and a plating layer of different materials, 
the seed layer material and the plating layer material can be 
selected in accordance With the targeted purpose. For 
eXample, in a case in Which it is desirable to have a seed 
layer formed from a material that is comparatively dif?cult 
to oXidiZe, and a plating layer formed from a loW resistance 
material, by selecting and using Ag (silver) for the seed layer 
and Cu (copper) for the plating layer, oxidation of the 
material during the seed layer formation step can be sup 
pressed, and a loW resistance plating layer can be formed. 
Furthermore, in a case in Which it is desirable to prevent 
diffusion of the metal from the plating layer into the sub 
strate, a material With the functions of a so-called barrier 
layer can be selected as the seed layer material. Examples of 
suitable barrier layer materials include Ti (titanium) and W 
(tungsten). 
[0044] Yet another aspect of the metal element formation 
method of the present invention is the metal element for 
mation method described above, Wherein a liquid material 
comprising metal atoms is used in the seed layer formation 
step. 

[0045] According to this aspect of the present invention, a 
liquid phase method can be easily utiliZed. Furthermore, a 
dispersion comprising a miXture of ?ne metal particles and 
a volatile solvent is ideal as this liquid material. 

[0046] Yet another aspect of the metal element formation 
method of the present invention is the metal element for 
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mation method described above, Wherein a liquid material 
comprising copper atoms is used in the seed layer formation 
step. 

[0047] Copper is knoWn as a loW resistance metal. 

[0048] According to this aspect of the present invention, a 
seed layer of a loW resistance metal can be formed. 

[0049] Yet another aspect of the metal element formation 
method of the present invention is the metal element for 
mation method described above, Wherein a liquid material 
comprising an organocopper compound is used in the seed 
layer formation step. 

[0050] The organocopper compound is a material Which 
does not display inherent conductivity, but gains conductive 
characteristics similar to those of copper When subjected to 
?ring under heat treatment. 

[0051] According to this aspect of the present invention, a 
seed layer of a loW resistance metal can be formed. Further 
more, When the organic compound is compared With ?ne 
particles of the metal, it is evident that in the ?ne metal 
particles, individual particles eXist in a state of point contact, 
With voids eXisting in the spaces betWeen particles, Whereas 
in the organic compound, a portion of the organic matter 
remains in the space betWeen particles. In other Words, When 
a seed layer is formed using this type of organocopper 
compound, a more dense ?lm can be formed than that Which 
is possible using ?ne metal particles. 

[0052] Yet another aspect of the metal element formation 
method of the present invention is the metal element for 
mation method described above, further comprising an 
insulating ?lm formation step for forming an insulating ?lm 
on the treatment surface on Which the plating layer has been 
formed, and an etching step for etching the insulating ?lm 
and eXposing the plating layer, Which are conducted folloW 
ing completion of the plating layer formation step. 

[0053] In the etching step, there are no particular restric 
tions on the method used, Which may be either a Wet etching 
method in Which the substrate is immersed in a chemical 
etching liquid, or a dry etching method in Which the sub 
strate is eXposed to a reactive gas Within a vacuum atmo 
sphere. 

[0054] According to this aspect of the present invention, 
the plating layer is eXposed by etching the insulating ?lm, 
and consequently the same effects as those achieved through 
a conventional CMP process can be obtained Without requir 
ing a CMP step, Which enables a simpli?cation of the 
process, and a reduction in production costs. 

[0055] Furthermore, in a conventional CMP process, a 
comparatively hard material such as SiO2 or the like is 
required for the insulating ?lm, but With this aspect of the 
present invention the CMP step is omitted, and consequently 
there is no need to restrict the material of the insulating ?lm 
in this manner, meaning the degree of freedom in selecting 
the insulating ?lm material is increased signi?cantly. For 
eXample, if materials With loW dielectric constants, so-called 
loW-k materials, are selected then because there is no 
necessity to use a hard material, the ideal material can be 
selected. 

[0056] Furthermore, another pattern or element can be 
easily formed on top of the eXposed plating layer. For 
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example, a separate metal element can be formed on top of 
the plating layer using the metal element formation method 
described above, thereby enabling easy layering of the metal 
elements. 

[0057] Furthermore, yet another aspect of the metal ele 
ment formation method of the present invention is the metal 
element formation method described above, Wherein in the 
insulating ?lm formation step, an insulating ?lm that has 
been formed as a thin ?lm is transferred to the treatment 
surface, and forms an insulating ?lm on the treatment 
surface. 

[0058] The term “thin ?lm” is an insulating ?lm Which is 
formed prior to being transferred to the treatment surface. 

[0059] According to this aspect of the present invention, 
the insulating ?lm is formed in advance as a thin ?lm, and 
is then transferred to the treatment surface to form an 
insulating ?lm on the treatment surface. This enables the 
insulating ?lm to be formed With relative ease. 

[0060] Furthermore, yet another aspect of the metal ele 
ment formation method of the present invention is the metal 
element formation method described above, Wherein in the 
insulating ?lm formation step, the insulating ?lm is formed 
by placing a liquid material containing insulating matter in 
contact With the treatment surface, and conducting a subse 
quent heat treatment. 

[0061] The term “liquid material containing an insulating 
substance” is a liquid material for use in a liquid phase 
method, and comprises material for forming the insulating 
?lm and a solvent. 

[0062] According to this aspect of the present invention, 
the solvent Within the liquid material is evaporated by the 
heat treatment, causing the insulating matter to remain 
baked onto the treatment surface, thereby enabling forma 
tion of the desired insulating ?lm. 

[0063] Furthermore, When forming a multilayered struc 
ture of interlayer insulating ?lms, there is no need to form 
each of the insulating ?lms separately, and there is no need 
to form an etching stop layer to prevent etching of the 
insulating ?lm, meaning the interlayer insulating ?lms can 
be formed in a single batch. As a result, the overall process 
can be simpli?ed, and production cost reductions are also 
possible. 

[0064] Furthermore, folloWing formation of just the metal 
element using the above metal element formation method, 
the insulating ?lm can then be formed so as to embed the 
metal element, and consequently in comparison With cases 
that use a method other than a liquid phase method, the 
overall method can be simpli?ed, and production cost reduc 
tions are possible. In addition, a metal element formed by 
repeating the resist layer formation step, the seed layer 
formation step and the plating layer formation step, and then 
removing the resist layer as a ?nal step, namely, a so-called 
open Wiring structure, can also be formed in advance, and 
this open Wiring structure then embedded by forming the 
insulating ?lm. 

[0065] The third aspect of the present invention is a 
production method for a semiconductor device according to 
the present invention is a production method for a semicon 
ductor device equipped With at least one of Wiring, an 
electrode, and an interlayer insulating ?lm, Wherein the 
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semiconductor device is produced using a metal element 
formation method described above. 

[0066] According to this aspect of the present invention, 
the same effects as those described for the above metal 
element formation method can be achieved. Furthermore, in 
the formation of the interlayer insulating ?lm, there is no 
need to restrict the ?lm material to a comparatively hard 
material such as SiO2, meaning the degree of freedom in 
selecting the insulating ?lm material is increased signi? 
cantly. For eXample, When so-called loW-k materials are 
used for the interlayer insulating ?lm, the degree of freedom 
available in selecting the material is increased signi?cantly, 
and consequently the ideal material can be selected, meaning 
that the operating frequency of the semiconductor device 
can be raised With this shift to loW-k materials. 

[0067] A production method for an electronic device 
according to the present invention is a production method 
for an electronic device equipped With a plurality of Wiring 
layers, connection posts Which interconnect the Wiring lay 
ers, and interlayer insulating ?lms formed betWeen the 
Wiring layers, Wherein the electronic device is produced 
using a metal element formation method described above. 

[0068] According to this aspect of the present invention, 
the same effects as those described for the above metal 
element formation method can be achieved. 

[0069] Furthermore, a semiconductor device of the present 
invention is a semiconductor device equipped With at least 
one of Wiring, an electrode, and an interlayer insulating ?lm, 
Which is produced using the production method described 
above. 

[0070] According to this aspect of the present invention, 
the same effects as those described for the above production 
method for a semiconductor device can be achieved. 

[0071] An electronic device of the present invention is an 
electronic device equipped With a plurality of Wiring layers, 
connection posts Which interconnect the Wiring layers, and 
interlayer insulating ?lms formed betWeen the Wiring layers, 
Which is produced using the production method described 
above. 

[0072] According to this aspect of the present invention, 
the same effects as those described for the above production 
method for an electronic device can be achieved. 

[0073] An electronic equipment according to the present 
invention comprises a semiconductor device or an electronic 
device of the present invention. 

[0074] Examples of this type of electronic equipment 
include information processing equipment such as mobile 
telephones, personal digital assistants, Watches, Word pro 
cessors, and personal computers. Using a semiconductor 
device or an electronic device of the present invention 
Within these types of electronic equipment, enables the 
production and supply of loW cost equipment. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0075] FIG. 1A to 1G are schematic cross sectional vieWs 
of a substrate describing a metal element formation method 
of the present invention. 

[0076] FIGS. 2A and 2B are schematic cross sectional 
vieWs of a substrate describing a metal element formation 
method of the present invention. 
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[0077] FIGS. 3A and 3B are schematic cross sectional 
views showing an application method using a slit coating 
system. 

[0078] FIG. 4 is a schematic cross sectional view of a 
plating apparatus used in a plating layer formation method. 

[0079] FIGS. 5A and 5B are schematic cross sectional 
views of a crimping apparatus used in an interlayer insulat 
ing ?lm formation method. 

[0080] FIG. 6A to 6F are schematic cross sectional views 
of a substrate describing a second embodiment of the present 
invention. 

[0081] FIG. 7 is a schematic cross sectional view of a 
substrate describing a second embodiment of the present 
invention. 

[0082] FIG. 8A to 8D are schematic cross sectional views 
of a substrate describing a third embodiment of the present 
invention. 

[0083] FIG. 9A to 9G are schematic cross sectional views 
of a substrate describing a fourth embodiment of the present 
invention. 

[0084] FIG. 10 is a schematic cross sectional view of a 
semiconductor device of the present invention. 

[0085] FIG. 11A to 11E are schematic cross sectional 
views describing a production method for a semiconductor 
device according to the present invention. 

[0086] FIG. 12A to 12C are schematic cross sectional 
views describing a production method for a semiconductor 
device according to the present invention. 

[0087] FIG. 13A to 13F are schematic cross sectional 
views describing a production method for an electronic 
device according to the present invention. 

[0088] FIG. 14 is a diagram showing one eXample of a 
piece of electronic equipment equipped with a semiconduc 
tor device of the present invention. 

[0089] FIG. 15 is a diagram showing another eXample of 
a piece of electronic equipment equipped with a semicon 
ductor device of the present invention. 

[0090] FIG. 16 is a diagram showing yet another eXample 
of a piece of electronic equipment equipped with a semi 
conductor device of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0091] As follows is a more detailed description of a metal 
element formation method, a production method for a semi 
conductor device, a production method for an electronic 
device, a semiconductor device and an electronic device, 
and electrical equipment according to the present invention, 
with reference to the drawings. 

[0092] In the drawings, each of the layers and other 
components is shown at a siZe that enables ready identi? 
cation, meaning the displayed relative dimensions of each of 
the layers and other components may differ from their actual 
values. 
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[0093] (First Embodiment) 
[0094] As follows is a description of a metal element 
formation method according to the present invention. 

[0095] FIG. 1A to FIG. 1G, FIG. 2A and FIG. 2B show 
schematic cross sectional views of a substrate in the main 
steps of a metal element formation method of this embodi 
ment. 

[0096] As shown in FIG. 1A, a substrate 10 is the target 
material on which the metal element of the present embodi 
ment is formed, and the material for this substrate can be 
selected in accordance with the targeted application. For 
eXample, in cases where light transmission is required, a 
transparent material such as glass or the like can be selected, 
in cases where ?exibility is required, a resin material or the 
like can be selected, and in cases where a semiconductor 
element is to be formed, a silicon wafer is selected. The 
substrate 10 may also be a multilayered wiring board with a 
plurality of preformed conductive ?lms and insulating ?lms, 
or a circuit board with preformed wiring layers and inter 
layer insulating ?lms. 

[0097] The metal element formation method of this 
embodiment comprises a seed layer formation step, a plating 
layer formation step, an interlayer insulating ?lm formation 
step (an insulating ?lm formation step), and an etching step. 
As follows is a description of each of these steps, together 
with a description of the processes and/or devices used in 
each step. 

[0098] (Seed Layer Formation Step) 

[0099] As shown in FIG. 1B through FIG. 1F, the seed 
layer formation step comprises a liquid repellent section 
formation step, a lyophilic section formation step, and a ?lm 
formation step. 

[0100] First, the liquid repellent section formation step is 
conducted as shown in FIG. 1B, and in this embodiment, a 
slit coating process was used for the liquid phase method. 
The liquid repellent section is then formed by a subsequent 
drying treatment. 

[0101] FIGS. 3A and 3B are schematic cross sectional 
views describing the slit coating method. Slit coating sys 
tems can be broadly classi?ed into two different types, 
namely, the system shown in FIG. 3A, and the system 
shown in FIG. 3B. 

[0102] In the system shown in FIG. 3A, a liquid material 
22 is discharged in a downward direction. In this slit coating 
system, a slit section 23 with a slit shaped opening is 
positioned above the substrate 10, and the treatment surface 
10a of the substrate 10 is positioned facing upwards. By 
discharging the liquid material 22 from the slit section 23 
while the substrate 10 and the slit section 23 are moved 
relative to each other, a uniform quantity of the liquid 
material 22 can be applied rapidly across the entire treatment 
surface 10a. 

[0103] The system shown in FIG. 3B shows a slit coating 
system that utiliZes capillary action. In this slit coating 
system, a slit section 24 with a capillary is positioned below 
the substrate 10, and the treatment surface 10a of the 
substrate 10 is positioned facing downwards. By moving the 
substrate 10 and the slit section 24 relative to each other, 
while maintaining a predetermined distance between the 
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opening of the slit section 24 and the treatment surface 10a, 
capillary action causes the liquid material 22 to be draWn up 
onto the treatment surface 10a, enabling a uniform quantity 
of the liquid material 22 to be applied rapidly across the 
entire treatment surface 10a. 

[0104] Furthermore, in a slit coating system that utiliZes 
capillary action, the usage ef?ciency of the discharged liquid 
material can easily eXceed 95%, meaning production costs 
can be reduced. 

[0105] The liquid phase method in the liquid repellent 
section formation step is not restricted to a slit coating 
method, and any of a variety of other liquid phase methods 
can also be employed, including spin coating, dip coating, 
spray coating, printing methods, and liquid discharge meth 
ods. Because the liquid phase method does not require high 
cost vacuum equipment, the cost of the production facilities 
can be reduced. 

[0106] Furthermore, the liquid material 22 used for form 
ing the liquid repellent section 11 utiliZes the liquid repellent 
raW material dissolved in a solvent, and in this particular 
embodiment, a liquid material comprising Optool DSX 
(manufactured by Daikin Industries Co., Ltd.) diluted With 
a ?uorine based solvent is ideal. 

[0107] FolloWing application of the liquid material 22 to 
the treatment surface 10a of the substrate 10 using the slit 
coating method, the substrate 10 is eXposed to a saturated 
vapor pressure atmosphere and held for a predetermined 
period of time, so that the liquid material 22 Within lyophilic 
sections 12 does not dry out, and the concentration distri 
bution of the liquid material 22 can be satisfactorily equal 
iZed. The substrate 10 is then placed in a baking furnace or 
the like, and the solvent contained Within the liquid material 
22 is removed via a drying treatment, thereby forming the 
liquid repellent section 11. 

[0108] Subsequently, the lyophilic section formation step 
shoWn in FIG. 1C is carried out, and in this embodiment, a 
portion of the liquid repellent section 11 is removed to form 
the lyophilic section. 

[0109] In this lyophilic section formation step, a mask 13 
is positioned facing the substrate 10, and UV light is then 
irradiated through the mask 13 and onto the substrate 10, and 
the liquid repellent material in the irradiated sections of the 
liquid repellent section 11 decomposes and vaporiZes, 
thereby removing the liquid repellent material from those 
sections. In other Words, the lyophilic sections (the areas 
outside the liquid repellent section) 12 shoWn in FIG. 1D are 
formed in positions corresponding With the pattern of the 
mask 13. 

[0110] Next, the ?lm formation step shoWn in FIG. 1E is 
carried out, and in this embodiment, a liquid discharge 
method is used as the liquid phase method, and a seed layer 
is formed using a drying treatment and a heat treatment. 
Furthermore, the liquid material 22 used in this step is a 
dispersion comprising a mixture of ?ne metal particles of 
copper, Which form the seed layer, and toluene Which 
functions as the solvent. 

[0111] In the liquid discharge method, a discharge noZZle 
25 and the substrate 10 are moved relatively to each other, 
While the discharge noZZle 25 discharges individually con 
trolled drops of the liquid material 22 into the lyophilic 
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sections 12, thereby ?lling the lyophilic sections 12 With the 
liquid material 22. Even if the liquid material 22 is dis 
charged onto the liquid repellent section 11 near a lyophilic 
section 12 as a result of an error in the discharge positioning, 
the liquid material 22 does not collect on the upper surface 
of the liquid repellent section 11, but rather ?oWs into the 
lyophilic section 12. 

[0112] By using the liquid discharge method described 
above, the usage ef?ciency of the liquid material can be 
improved, and the liquid material 22 can be positioned 
Within the lyophilic sections 12 that have been formed in a 
predetermined pattern. 
[0113] FolloWing ?lling of the lyophilic sections 12 With 
the liquid material 22 in this manner, the substrate 10 is 
eXposed to a saturated vapor pressure atmosphere and held 
for a predetermined period of time, so that the liquid 
material 22 Within the lyophilic sections 12 does not dry out, 
and the concentration distribution of the liquid material 22 
can be satisfactorily equaliZed. The substrate 10 is then 
placed in a baking furnace or the like, and the solvent 
contained Within the liquid material 22 is removed via a 
drying treatment, and by performing a subsequent heat 
treatment, the ?ne metal particles are ?red and form a seed 
layer 14 of copper metal as shoWn in FIG. 1F. 

[0114] The liquid phase method in this ?lm formation step 
is not restricted to a liquid discharge method, and any of a 
variety of other liquid phase methods can also be employed, 
including spin coating, slit coating, dip coating, spray coat 
ing, printing methods, and other liquid discharge methods. 
Because the liquid phase method does not require high cost 
vacuum equipment, the cost of the production facilities can 
be reduced. 

[0115] Furthermore, in the eXample described above, a 
dispersion of ?ne metal particles of copper Was used as the 
liquid material 22, but liquid materials formed by diluting 
either ?ne particles of silver (brand name: “Perfect Silver”, 
manufactured by Vacuum Metallurgical Co., Ltd.) or a 
dispersion of ?ne particles of gold (brand name: “Perfect 
Gold”, manufactured by Vacuum Metallurgical Co., Ltd.) 
With toluene can also be used. 

[0116] (Plating Layer Formation Step) 
[0117] In the plating layer formation step, a plating appa 
ratus shoWn in FIG. 4 is used to form a plating layer 15 
shoWn in FIG. 1G. 

[0118] The plating apparatus 40 is a so-called electroplat 
ing apparatus, and comprises a plating liquid tank 41, a 
loWer electrode 42, an upper electrode 43, and a poWer 
source 44. Aplating liquid 45 is used to ?ll the plating liquid 
tank 41, and this plating liquid 45 uses a liquid that is ideally 
suited to forming the plating layer, and in the present 
embodiment utiliZes a copper sulfate based copper electro 
plating liquid. The loWer electrode 42 and the anode side of 
the poWer source 44 (the + side) are connected, and the 
upper electrode 43 is equipped With a holder 46 that is used 
to support and retain the substrate 10, thereby ensuring a 
high level of continuity betWeen the upper electrode 43 and 
the substrate 10. The cathode side of the poWer source 44 
(the — side) and the upper electrode 43 are both connected 
to GND. 

[0119] As folloWs is a description of a plating layer 
formation step that utiliZes the type of plating apparatus 40 
























